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Abstract
This empirical study focuses on the empirical investigation of the global integration of the Baltic stock markets. The purpose of 
the article is to assess the level of global integration of the Baltic stock markets. The research methods: the systemic, logical and 
comparative analysis of the scientific literature, the analysis of the statistical data, cross correlation analysis, Granger causality 
test. The main empirical findings of this study suggest that the global integration of the Lithuanian and Estonian stock markets is 
higher comparing to Latvian stock market despite the low degree of international integration of these stock markets in general.
© 2015 The Authors. Published by Elsevier Ltd.
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Introduction
Many empirical studies (Mateus (2004), Maneschiöld (2006), Nielsson (2007), Masood et al. (2010), Brännäs et 
al. (2012), etc.) have investigated the regional and global integration of the Baltic stock markets. However, most of 
empirical studies focus on a very short period of time and the results of these empirical studies are mixed. This 
empirical study attempts to fill this gap and will focus on time period for 15 year. In order to get the straightforward
empirical results this study will employ different statistical methods. The aim of the article is to assess the level of 
global integration of the Baltic stock markets. The research object: the Baltic stock markets. The research methods: 
the systemic, logical and comparative analysis of the scientific literature, the analysis of the statistical data, cross 
correlation analysis, Granger causality test.
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1. Literature review
The scientific literature (Mateus (2004), Maneschiöld (2006), Nielsson (2007), Masood et al. (2010), Brännäs et 
al. (2012), etc.) provides many empirical studies on the regional and global integration of the Baltic stock markets. 
The empirical research by Mateus (2004) show a low degree of global and regional integration of Estonian and 
Lithuanian stock markets. While Maneschiöld (2006) analysis show that short and long run relationships among 
Baltic and largest European stock markets exists. Nielsson (2007) found a little interdependence between the Nordic 
and Baltic stock markets and Masood et al. (2010) – a causal relationship between the stock exchanges of the Baltic 
countries. Brännäs et al. (2012) empirical investigation shows that the interdependence in both returns and volatility
between the Baltic and Russian stock exchanges exists. Some scientists (Soultanaeva (2008), Dubinskas and 
Stunguriene (2010), Syllignakis and Kouretas (2011), Kuusk et al. (2011), Brännäs and Soultanaeva (2011), 
Nikkinen et al. (2012), etc.) analyzed transmission of shocks through stock markets channel in the Baltic countries.
A more comprehensive literature review is presented in my previous works on the Baltic stock markets financial
integration (see 'HOWXYDLWơD, 2015b)). The results of the aforementioned empirical studies show that the degree 
of international integration of the Baltic stock markets is very low while the regional integration of the Baltic stock 
markets is high. The results also demonstrate that despite the low international integration the spillover effect from 
the major stock markets on the Baltic stock markets was observed.
2. Research methodology and data
The econometric tools and techniques used to study the interdependence among stock markets can be 
distinguished into two main groups: the statistical methods used to identify the short-run relationship among the 
stock markets: the Cross-Correlation analysis, the Dynamic Conditional Correlation Generalized Autoregressive 
Conditional Heteroskedasticity (DCC-GARCH) model, the Granger causality test, the Generalized Impulse 
Response (GIR) analysis, etc.; and the statistical methods used to identify the long-run relationship among the stock 
markets: the cointegration tests (Johansen cointegration (Johansen (1988)), etc.), the Autoregressive Distributed Lag
(ARDL) model, the Error Correction Model (ECM), etc. This empirical research applies some statistical methods 
from the first group in order to assess the short-run relationship among the Baltic and major stock markets.
In order to estimate a short run relation among the Baltic and largest world stock markets, there will be used cross 
correlation analysis. Cross correlation (or lagged correlation) refers to the correlation between two time series 
shifted in time relative to one another. The cross-correlation function (CCF) of two time series is the product-
moment correlation as a function of lag, or time-offset, between the series. The sample cross-covariance function 
(CCVF) is calculated as follows (1):
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where T is the series length, x , y are the sample means of the time series tx and ty (the logarithmic returns of 
the Baltic and largest stock exchanges indexes at time t) and l is the lag.
The sample cross-correlation function (CCF) is the sample cross-covariance function (CCVF) scaled by the 
variances of the two series (2):
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where )(0cxx , )(0cyy are the sample standard deviations of the time series tx and ty .
The short-run relationship among the Baltic and largest stock markets was also explored by applying the Granger 
causality test that was proposed by Granger (1969) to test whether lagged information on variable x provides any 
statistically significant information about variable y in the presence of lagged variable y and vice versa (3-4):
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where ty , tx – the logarithmic returns of the Baltic and largest stock exchanges indexes at time t.
This empirical research focuses on the daily data for 19 largest world and three Baltic stock markets (see Table 1) 
and covers the period from 2000 Q1 to 2014 Q3 (the total number of observations of each stock market index is 
3844). The statistical empirical data processing was performed using EViews 8 software package.
Table 1. A list of countries and indexes included in this empirical research
Country (Country code) Stock market index Country (Country code) Stock market index
Australia (AUS) ASX ALL ORDINARIES INDEX Latvia (LVA) OMX RIGA INDEX
Brazil (BRA) BRAZIL BOVESPA INDEX Lithuania (LTU) OMX VILNIUS INDEX
Canada (CAN) S&P/TSX COMPOSITE INDEX Mexico (MEX) MEXICO IPC INDEX
China (CHN) SHANGHAI SE A SHARE INDEX Netherlands (NLD) AEX INDEX 
Estonia (EST) OMX TALLINN INDEX Russian Federation (RUS) RUSSIAN MICEX INDEX
France (FRA) FRANCE CAC 40 INDEX South Africa (ZAF) FTSE/JSE ALL SHARE INDEX
Germany (DEU) DAX 30 PERFORMANCE INDEX Spain (ESP) MADRID SE GENERAL INDEX
Hong Kong (HKG) HANG SENG INDEX Sweden (SWE) OMX STOCKHOLM 30 INDEX
India (IND) S&P BSE NATIONAL 500 INDEX Switzerland (CHE) SWISS MARKET INDEX
Japan (JPN) TOPIX INDEX United Kingdom (GBR) FTSE 250 INDEX
Korea (KOR) KOREA SE COMPOSITE INDEX United States (USA) S&P 500 COMPOSITE INDEX
3. Research results
The research results of the global integration of the Baltic stock markets using cross correlation analysis are 
presented in Table 2. The empirical results presented in this table suggest that the time differences of stock trading 
in the Baltic and some largest world stock exchanges (Brazil, Canada, Mexico, United States) result that the most 
significant correlation is observed in lag 1 with one day delay. These empirical results also suggest that the global 
integration of the Lithuanian and Estonian stock markets is higher comparing to Latvian stock market despite the 
low degree of international integration of the Baltic stock markets in general. A low degree of international 
integration of the Baltic stock markets indicates the values of the product-moment correlation ranging from 0.06 to 
0.36. The most significant cross-correlation at the same day was observed between Lithuanian and Estonian stock 
markets (0.45) suggesting that the reaction of investors in one these stock markets is influenced by the investors 
behavior in other one. While cross-correlation between these two stock markets and Ryga’s stock exchange is very 
similar to the product-moment correlation results in other largest stock markets. The higher degree of international 
integration of Lithuanian and Estonian stock markets could be explain by the fact that the investments of foreign 
investors in these countries stock markets are relative larger comparing to Latvian stock market.
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Table 2. The research results of the global integration of the Baltic stock markets using cross correlation analysis
Lag 
(i)
LTU,
AUS
(-i)
LTU,
AUS
(+i)
LTU,
BRA
(-i)
LTU,
BRA
(+i)
LTU,
CAN
(-i)
LTU,
CAN
(+i)
LTU,
CHE
(-i)
LTU,
CHE
(+i)
LTU,
CHN
(-i)
LTU,
CHN
(+i)
LTU,
DEU
(-i)
LTU,
DEU
(+i)
LTU,
ESP 
(-i)
LTU,
ESP 
(+i)
LTU,
EST 
(-i)
LTU,
EST 
(+i)
LTU,
FRA 
(-i)
LTU,
FRA 
(+i)
LTU,
GBR
(-i)
LTU,
GBR
(+i)
LTU,
HKG
(-i)
0 0.32 0.32 0.14 0.14 0.15 0.15 0.22 0.22 0.12 0.12 0.19 0.19 0.21 0.21 0.45 0.45 0.21 0.21 0.27 0.27 0.30
1 0.02 0.04 0.21 -0.03 0.23 -0.01 0.15 -0.01 0.02 0.01 0.17 -0.01 0.15 -0.03 0.13 0.09 0.15 -0.03 0.18 -0.01 0.05
2 0.00 0.02 0.00 0.00 -0.02 -0.03 0.01 0.02 -0.01 -0.02 0.03 0.01 0.01 0.01 0.07 0.05 0.02 0.00 0.03 0.00 0.01
Lag 
(i)
LTU,
HKG
(+i)
LTU,
IND
(-i)
LTU,
IND
(+i)
LTU,
JPN
(-i)
LTU,
JPN
(+i)
KOR
,LTU
(-i)
KOR
,LTU
(+i)
LTU,
LVA
(-i)
LTU,
LVA
(+i)
LTU,
MEX
(-i)
LTU,
MEX
(+i)
LTU,
NLD
(-i)
LTU,
NLD
(+i)
LTU,
RUS
(-i)
LTU,
RUS
(+i)
LTU,
SWE
(-i)
LTU,
SWE
(+i)
LTU,
USA
(-i)
LTU,
USA
(+i)
LTU,
ZAF
(-i)
LTU,
ZAF
(+i)
0 0.30 0.22 0.22 0.28 0.28 0.22 0.22 0.24 0.24 0.14 0.14 0.22 0.22 0.22 0.22 0.18 0.18 0.10 0.10 0.24 0.24
1 0.02 0.09 0.00 0.01 0.07 0.02 0.04 0.04 0.09 0.25 -0.03 0.15 -0.01 0.13 0.03 0.14 -0.02 0.27 -0.04 0.12 0.00
2 -0.01 0.04 0.02 -0.01 -0.03 0.01 0.02 0.03 0.02 0.02 0.00 0.02 0.01 0.07 -0.03 0.02 0.00 0.00 0.03 0.03 -0.03
Lag 
(i)
LVA,
AUS
(-i)
LVA,
AUS
(+i)
LVA,
BRA
(-i)
LVA,
BRA
(+i)
LVA,
CAN
(-i)
LVA,
CAN
(+i)
LVA,
CHE
(-i)
LVA,
CHE
(+i)
LVA,
CHN
(-i)
LVA,
CHN
(+i)
LVA,
DEU
(-i)
LVA,
DEU
(+i)
LVA,
ESP
(-i)
LVA,
ESP
(+i)
LVA,
EST
(-i)
LVA,
EST
(+i)
LVA,
FRA
(-i)
LVA,
FRA
(+i)
LVA,
GBR
(-i)
LVA,
GBR
(+i)
LVA,
HKG
(-i)
0 0.17 0.17 0.06 0.06 0.08 0.08 0.08 0.08 0.06 0.06 0.08 0.08 0.09 0.09 0.22 0.22 0.10 0.10 0.11 0.11 0.14
1 0.03 0.01 0.10 -0.01 0.12 -0.01 0.10 0.00 -0.01 -0.03 0.10 0.00 0.08 -0.01 0.08 0.03 0.10 -0.01 0.11 -0.01 0.05
2 0.02 0.01 -0.01 0.00 0.02 -0.03 -0.02 0.02 0.00 -0.03 0.00 0.02 -0.01 0.02 0.04 0.02 -0.01 0.02 -0.01 -0.01 -0.03
Lag 
(i)
LVA,
HKG
(+i)
LVA,
IND
(-i)
LVA,
IND
(+i)
LVA,
JPN
(-i)
LVA,
JPN
(+i)
LVA,
KOR
(-i)
LVA,
KOR
(+i)
LVA,
LTU
(-i)
LVA,
LTU
(+i)
LVA,
MEX
(-i)
LVA,
MEX
(+i)
LVA,
NLD
(-i)
LVA,
NLD
(+i)
LVA,
RUS
(-i)
LVA,
RUS
(+i)
LVA,
SWE
(-i)
LVA,
SWE
(+i)
LVA,
USA
(-i)
LVA,
USA
(+i)
LVA,
ZAF
(-i)
LVA,
ZAF
(+i)
0 0.14 0.12 0.12 0.15 0.15 0.10 0.10 0.24 0.24 0.07 0.07 0.10 0.10 0.10 0.10 0.08 0.08 0.05 0.05 0.11 0.11
1 0.02 0.04 0.02 0.03 0.03 0.06 0.03 0.09 0.04 0.13 -0.01 0.09 -0.01 0.09 0.03 0.11 -0.01 0.13 -0.02 0.09 -0.01
2 0.01 0.01 0.00 0.00 -0.02 -0.02 0.01 0.02 0.03 0.03 0.01 -0.01 0.02 0.02 0.00 0.00 0.01 0.02 -0.01 0.00 -0.01
Lag 
(i)
EST,
AUS
(-i)
EST,
AUS
(+i)
EST,
BRA
(-i)
EST,
BRA
(+i)
EST,
CAN
(-i)
EST,
CAN
(+i)
EST,
CHE
(-i)
EST,
CHE
(+i)
EST,
CHN
(-i)
EST,
CHN
(+i)
EST,
DEU
(-i)
EST,
DEU
(+i)
EST,
ESP
(-i)
EST,
ESP
(+i)
EST,
FRA
-i)
EST,
FRA
(+i)
EST,
GBR
(-i)
EST,
GBR
(+i)
EST,
HKG
(-i)
EST,
HKG
(+i)
EST,
IND
(-i)
0 0.36 0.36 0.15 0.15 0.16 0.16 0.26 0.26 0.14 0.14 0.25 0.25 0.26 0.26 0.28 0.28 0.35 0.35 0.35 0.35 0.25
1 0.04 0.06 0.24 0.00 0.27 0.00 0.18 0.00 -0.01 0.02 0.22 -0.01 0.18 -0.02 0.19 -0.02 0.19 0.01 0.06 0.03 0.08
2 0.03 0.00 0.01 0.02 0.03 -0.01 0.02 0.00 0.01 -0.01 0.03 0.00 0.02 0.02 0.02 -0.01 0.05 -0.01 0.04 0.00 0.06
Lag 
(i)
EST,
IND
(+i)
EST,
JPN
(-i)
EST,
JPN
(+i)
EST,
KOR
(-i)
EST,
KOR
(+i)
EST,
LTU
(-i)
EST,
LTU
(+i)
EST,
LVA
(-i)
EST,
LVA
(+i)
EST,
MEX
(-i)
EST,
MEX
(+i)
EST,
NLD
(-i)
EST,
NLD
(+i)
EST,
RUS
(-i)
EST,
RUS
(+i)
EST,
SWE
(-i)
EST,
SWE
(+i)
EST,
USA
(-i)
EST,
USA
(+i)
EST,
ZAF
(-i)
EST,
ZAF
(+i)
0 0.25 0.33 0.33 0.29 0.29 0.45 0.45 0.22 0.22 0.16 0.16 0.29 0.29 0.24 0.24 0.26 0.26 0.12 0.12 0.27 0.27
1 0.03 0.01 0.09 0.06 0.06 0.09 0.13 0.03 0.08 0.28 -0.02 0.19 0.00 0.13 0.01 0.19 -0.01 0.32 -0.04 0.14 0.00
2 0.02 0.00 -0.01 0.02 0.03 0.05 0.07 0.02 0.04 0.04 -0.01 0.02 0.01 0.07 -0.03 0.02 -0.02 0.01 0.00 0.04 -0.04
The research results of the global integration of the Baltic stock markets using Granger causality tests (number of 
lags is 2) are presented in Table 3. The logarithmic returns of Vilnius stock exchange are Granger caused by return 
changes in Brazil, Canada, Switzerland, Germany, Spain, Estonia, France, United Kingdom, India, Mexico, 
Netherlands, Russia, Sweden, United States and South Africa stock exchanges while in some cases (Mexico, Russia) 
even bi-directional Granger causality is observed. Very similar empirical results are observed in other Baltic stock 
markets.
The empirical results suggest that the degree of global integration of the Baltic stock markets is very low and 
Latvian stock market is more isolated at the global level comparing to other two Baltic stock markets whereas
Estonian and Lithuanian stock markets are more interrelated.
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Table 3. The research results of the global integration of the Baltic stock markets using Granger causality test
Null Hypothesis: Prob. Null Hypothesis: Prob. Null Hypothesis: Prob.
AUS does not Granger Cause LTU 0.14 AUS does not Granger Cause LVA 0.33 AUS does not Granger Cause EST 0.62
LTU does not Granger Cause AUS 0.00 LVA does not Granger Cause AUS 0.53 EST does not Granger Cause AUS 0.00
BRA does not Granger Cause LTU 0.00 BRA does not Granger Cause LVA 0.00 BRA does not Granger Cause EST 0.00
LTU does not Granger Cause BRA 0.22 LVA does not Granger Cause BRA 0.97 EST does not Granger Cause BRA 0.38
CAN does not Granger Cause LTU 0.00 CAN does not Granger Cause LVA 0.00 CAN does not Granger Cause EST 0.00
LTU does not Granger Cause CAN 0.31 LVA does not Granger Cause CAN 0.17 EST does not Granger Cause CAN 0.65
CHE does not Granger Cause LTU 0.00 CHE does not Granger Cause LVA 0.00 CHE does not Granger Cause EST 0.00
LTU does not Granger Cause CHE 0.19 LVA does not Granger Cause CHE 0.36 EST does not Granger Cause CHE 0.68
CHN does not Granger Cause LTU 0.68 CHN does not Granger Cause LVA 0.90 CHN does not Granger Cause EST 0.11
LTU does not Granger Cause CHN 0.24 LVA does not Granger Cause CHN 0.02 EST does not Granger Cause CHN 0.38
DEU does not Granger Cause LTU 0.00 DEU does not Granger Cause LVA 0.00 DEU does not Granger Cause EST 0.00
LTU does not Granger Cause DEU 0.63 LVA does not Granger Cause DEU 0.27 EST does not Granger Cause DEU 0.99
ESP does not Granger Cause LTU 0.00 ESP does not Granger Cause LVA 0.00 ESP does not Granger Cause EST 0.00
LTU does not Granger Cause ESP 0.14 LVA does not Granger Cause ESP 0.28 EST does not Granger Cause ESP 0.03
EST does not Granger Cause LTU 0.00 EST does not Granger Cause LVA 0.00 FRA does not Granger Cause EST 0.00
LTU does not Granger Cause EST 0.14 LVA does not Granger Cause EST 0.74 EST does not Granger Cause FRA 1.00
FRA does not Granger Cause LTU 0.00 FRA does not Granger Cause LVA 0.00 GBR does not Granger Cause EST 0.00
LTU does not Granger Cause FRA 0.62 LVA does not Granger Cause FRA 0.50 EST does not Granger Cause GBR 0.36
GBR does not Granger Cause LTU 0.00 GBR does not Granger Cause LVA 0.00 HKG does not Granger Cause EST 0.48
LTU does not Granger Cause GBR 0.09 LVA does not Granger Cause GBR 0.41 EST does not Granger Cause HKG 0.03
HKG does not Granger Cause LTU 0.48 HKG does not Granger Cause LVA 0.00 IND does not Granger Cause EST 0.00
LTU does not Granger Cause HKG 0.13 LVA does not Granger Cause HKG 0.26 EST does not Granger Cause IND 0.57
IND does not Granger Cause LTU 0.00 IND does not Granger Cause LVA 0.07 JPN does not Granger Cause EST 0.05
LTU does not Granger Cause IND 0.23 LVA does not Granger Cause IND 0.94 EST does not Granger Cause JPN 0.00
JPN does not Granger Cause LTU 0.06 JPN does not Granger Cause LVA 0.33 KOR does not Granger Cause EST 0.41
LTU does not Granger Cause JPN 0.00 LVA does not Granger Cause JPN 0.09 EST does not Granger Cause KOR 0.00
LTU does not Granger Cause KOR 0.23 KOR does not Granger Cause LVA 0.00 LTU does not Granger Cause EST 0.14
KOR does not Granger Cause LTU 0.65 LVA does not Granger Cause KOR 0.13 EST does not Granger Cause LTU 0.00
LVA does not Granger Cause LTU 0.63 LTU does not Granger Cause LVA 0.00 LVA does not Granger Cause EST 0.74
LTU does not Granger Cause LVA 0.00 LVA does not Granger Cause LTU 0.63 EST does not Granger Cause LVA 0.00
MEX does not Granger Cause LTU 0.00 MEX does not Granger Cause LVA 0.00 MEX does not Granger Cause EST 0.00
LTU does not Granger Cause MEX 0.04 LVA does not Granger Cause MEX 0.63 EST does not Granger Cause MEX 0.37
NLD does not Granger Cause LTU 0.00 NLD does not Granger Cause LVA 0.00 NLD does not Granger Cause EST 0.00
LTU does not Granger Cause NLD 0.64 LVA does not Granger Cause NLD 0.27 EST does not Granger Cause NLD 0.86
RUS does not Granger Cause LTU 0.00 RUS does not Granger Cause LVA 0.00 RUS does not Granger Cause EST 0.00
LTU does not Granger Cause RUS 0.04 LVA does not Granger Cause RUS 0.44 EST does not Granger Cause RUS 0.16
SWE does not Granger Cause LTU 0.00 SWE does not Granger Cause LVA 0.00 SWE does not Granger Cause EST 0.00
LTU does not Granger Cause SWE 0.54 LVA does not Granger Cause SWE 0.57 EST does not Granger Cause SWE 0.62
USA does not Granger Cause LTU 0.00 USA does not Granger Cause LVA 0.00 USA does not Granger Cause EST 0.00
LTU does not Granger Cause USA 0.12 LVA does not Granger Cause USA 0.71 EST does not Granger Cause USA 0.82
ZAF does not Granger Cause LTU 0.00 ZAF does not Granger Cause LVA 0.00 ZAF does not Granger Cause EST 0.00
LTU does not Granger Cause ZAF 0.22 LVA does not Granger Cause ZAF 0.55 EST does not Granger Cause ZAF 0.02
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Conclusions
The research results of this empirical study suggest that the global integration of the Lithuanian and Estonian
stock markets is higher comparing to Latvian stock market despite the low degree of international integration of the 
Baltic stock markets in general. The logarithmic returns of the Baltic stock exchange are Granger caused by return 
changes in largest world stock markets.
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